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Abstract
Natural and human factors exert a profound impact on the degradation of rangelands, human effects being the
most significant factor in increasing the severity of deterioration. This occurs through agricultural expansion at the
expense of rangelands, and with the number of domestic and wildlife animals exceeding the natural carrying
capacity. This raises concerns about the ongoing sustainability of these land resources, as well as the sustainability
of traditional pastoral land practices. Rangelands require effective management, which is dependent upon accurate
and timely monitoring data to support the assessment of rangeland deterioration. Natural rangelands provide one
of the significant pillars of support for the Libyan national economy. Despite the important role of rangeland in
Libya from both economic and environmental perspectives, the vegetation cover of Libyan rangeland has changed
adversely qualitatively and quantitatively over the past four decades.
Ground-based observation methods are widely used to assess rangeland degradation in Libya. However, multi-temporal
observations are often not integrated nor repeatable, making it difficult for rangeland managers to detect degradation
consistently. Field study costs are also significantly high in comparison with their accuracy and reliability, both in terms of
the time and resources required. Remote-sensing approaches offer the advantage of spanning large geographical areas
with multiple spatial, spectral and temporal resolutions. These data can play a significant role in rangeland monitoring,
permitting observation, monitoring and prediction of vegetation changes, productivity assessment, fire extent,
vegetation and soil moisture measurement and quantifying the proliferation of invasive plant species. This
paper reviews the factors causing rangeland degradation in Libya, identifying appropriate remote-sensing
methods that can be used to implement appropriate monitoring procedures.
Keywords: Libyan rangeland, Land degradation indicators, Rangeland monitoring, Rangeland management,
Remote-sensing data
Introduction
Substantial increases in the world’s population over the
past 50 years have led to extensive overuse of natural
resources, with consequent and serious environmental im-
pacts (UN DESA 2015). One principal concern is the
growing and extensive abuse of rangelands in many arid
and semi-arid regions of the world. Rangelands are defined
as those parts of the world where domestic animals and
wildlife graze on native vegetation (Squires 2010), and
cover 40–50% of the global land area (Mitchell 2000).
These areas provide essential forage for animals and a habi-
tat for wildlife in many places globally (Yu et al. 2010).
Many human communities live in and depend directly
upon rangelands for their livelihood, whereas others rely on
the rangelands for recreation and for its spiritual and cul-
tural values (Maczko et al. 2011). Rangelands support both
those living within them and those beyond (AU-IBAR
2012). It is estimated that rangelands store up to 30% of the
world’s soil carbon, in addition to the substantial amount of
above-ground carbon stored in trees, bushes, shrubs and
grasses (Neely et al. 2009). As ecosystems become
degraded, their capacity to deliver such services become
undermined (Favretto et al. 2016). The capacity of range-
lands as a feed source for livestock and the support of
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sustainable livelihoods for herders has been reduced
due to the combination of various factors, including
degradation due to overgrazing and expansion of cul-
tivation (Bounejmate et al. 2004). The primary force
driving rangeland degradation is often attributed to
anthropogenic influences, e.g. overgrazing and mis-
management of resources by pastoralists (WISP 2008;
Li et al. 2013; Sidahmed and Yazman 1994; Squires
2010). The degradation of biophysical rangeland
resources has serious implications for pastoral ecosys-
tems, livelihoods and livestock production (AU-IBAR
2012). Squires (2010) states that many land-use strat-
egies and methods are no longer suitable in the face
of economic and political changes, due to population
growth and the trend for nomadic pastoralists to become
sedentary. Rangeland degradation has become a signifi-
cant challenge in North Africa due to its impact on the
spatial extent of the rangelands and their productivity
(Dutilly-Diane 2007) and in Libya this situation was recog-
nised by Dregne and Chou (1992) where two thirds of the
rangeland were categorised as degraded.
Libyan rangelands are one of the significant pillars of
support for the Libyan national economy. Libyan
rangelands occupy about 13.3 million hectares, extend-
ing across more than 70% of the land area of the coun-
try. They are distributed across four regions according
to the classification of the Development Commission of
Rangeland (1980): the western, central and eastern
regions, located above the 50-mm isohyet, and the
southern region, located below the 50-mm isohyet
(Figure 1).
These areas play an important role in protecting the
environment and conserving the soil from erosion by
water and wind, which is reflected in the impact reduc-
tion of desertification factors. They are also important as
a recreational resource, providing an important source
of firewood, aromatic and medicinal plants as well as
non-traditional food. Moreover, a large number of
people in Libya work in sectors related to rangeland
(Omar Al-Mukhtar University 2005). The Libyan range-
land contributes an important role towards the food needs
of the large numbers of grazing animals, whose total an-
nual food requirement is estimated to be some 562 thou-
sand tons (Rangeland Development Project 2008). The
rangeland also contains the largest soil seed banks
amongst Libyan rangelands (El-Barasi and Saaed 2013).
Figure 1 Distribution of Libyan rangeland in relation to terrain and rainfall
Al-bukhari et al. Pastoralism: Research, Policy and Practice  (2018) 8:13 Page 2 of 14
However, the vegetation cover in Libyan rangeland has
changed both qualitatively and quantitatively over the past
four decades as a result of many factors including low
rainfall, overgrazing, improper agricultural practices, mis-
management, misuse, seasonal fire outbreaks, frequent
droughts, wind and water erosion and human activities
(Darag and Yousif 1996; Omar Al Mukhtar University
2005). This paper reviews the factors causing degradation
in Libyan rangel and identifies remote-sensing methods
that can be used as part of a monitoring programme.
Rangeland degradation
Rangeland degradation has an impact on biotic sustainability
and reduces the variety of future uses of rangeland ecosys-
tems (Kauffman et al. 1997). Decisions taken about land use,
the number of livestock species to use, the season of use and
stocking density all have profound and far-reaching effects
on the stability and, ultimately, the sustainable use of range-
lands (Squires 2010). Rangeland degradation may be defined
as “the retrogression of vegetative cover leading to surface
layer exposure to wind and soil erosion by washing away the
organic compositions that give vigour to plants’ develop-
ment” (Solomon 2003), arising as a consequence of excessive
human activities and/or unfavourable natural conditions.
Rangeland degradation represents more than the retreat of
vegetative cover. It includes a change in species composition,
a loss of range biodiversity, reduction in biomass production
and the presence of soil erosion (Ahmad and Ehsan 2012).
This has been caused predominantly by the continued and
rapid increase in human and livestock populations and a re-
duction in rainfall in many rangelands. The “current pace
and scale of change is unprecedented” (SOS 2009), even
though dryland communities, and pastoralists in particular,
have always had to contend with change. The loss of peren-
nial grass cover and increase in annuals, unpalatable species
and bush cover are the major threats (Oba and Kotile 2001).
In the view of Hobbs and Norton (1996), livestock grazing
may have four noteworthy effects on critical ecological pro-
cesses: defoliation of plants, soil trampling, fecal and urine
mineral deposition. Heitschmidt et al. (2004) state the three
major threats to ecological processes in rangelands as inva-
sion of noxious species, the conversion of rangelands into
other land uses and a critical decline in productivity due to
soil degradation as a result of intensified erosion processes
and overgrazing. In west Asian and north African rangeland,
exceedance of the natural carrying capacity is responsible for
the deterioration of these environments, combined with in-
creasing cultivation of crops in steppe regions (Nefzaoui et
al. 2002). Moreover, overgrazing has reduced the total prod-
uctivity of African rangelands (Taha and Khidr 2011).
Reduced productivity could lead to decreased efficiency in
rangelands that can result in degraded lands or land-use
transformation into urban or agricultural areas (Shoshany
and Goldshleger 2002). The problem is accentuated in
semi-arid lands and represents one of the most serious
global environmental challenges and requires a solution
(Hill et al. 1995; Kassahun et al. 2008).
Field-based monitoring of rangeland degradation
The assessment of degradation in arid rangelands is dif-
ficult due to short-term variations in rainfall, landscape
diversity and the problems associated with sampling
large areas (Pickup et al. 1998). Moreover, the pastoral
systems have been characterized by high mobility, dyna-
mism and a high dependency on local knowledge (SCBD
2010) to manage a highly diverse and complex environ-
ment, given the high spatial and temporal variability of
the resources in the drylands (AU-IBAR 2012). Range-
land management as a discipline, observing alteration in
forage, land cover and land use, is dependent upon the
judgement and experience of field specialists and less on
quantitative methods (Booth and Tueller 2003; West
2003). Existing strategies for rangeland evaluation can be
divided into two main groups: traditional field tech-
niques based on actual fieldwork, and direct measure-
ments of surface cover, and remote-sensing
methodologies based on non-intrusive measurements
with limited fieldwork (Svoray et al. 2013). Monitoring
rangeland using fieldwork techniques presents a chal-
lenge in arid and semi-arid areas due to the large
geographical area, rough terrain and rich diversity over
short distances. Data collection by fieldwork is time con-
suming and requires established field experience.
Furthermore, fieldwork may also depend heavily upon
the surveyors’ judgement, whose work can become
affected by attitude, bias, experience, integrity and stress
(Booth and Tueller 2003), and is also subjective and costly
(Louhaichi et al. 2010). Louhaichi et al. (2015) compared the
traditional technician who measures plant cover (green leaf,
litter, bare ground) against a vegetation index derived from
classified field-based remote-sensing images. They found a
high degree of variation between technicians in traditional
monitoring, with results of estimated cover being highly sub-
jective and commonly based on visual estimates (Coulloudon
et al. 1999; Magill 1989). Furthermore, transects, quadrats
and point methods which use sample positions vary and can
be classed as selective, capricious, systematic and /or random
(Larson et al. 2013). According to Olorunfemi (1983), under-
taking systematic monitoring of changes and time series ana-
lysis is difficult with traditional methods of rangeland survey.
The estimation of vegetation cover for grasslands is im-
perative for livestock breeding, farming and desertification
monitoring of arid and semi-arid lands. In these regions, in-
formation on biomass and the rangeland vegetation front is
essential for livestock productivity. Taking decisions con-
cerning the management of grazing animals on the basis of
inadequate information can lead to the loss of animals, both
as a consequence of forage shortage, and in overgrazing of
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vegetation; both factors can lead to rangeland degradation
(Weber et al. 2000). In conditions of weather fluctuation,
rangeland managers may seek to adjust stocking rates based
on a thematic method able to estimate productivity on ran-
gelands. Green vegetation cover is an important factor in re-
gard to rangeland status and is a key sensitivity indicator of
land degradation and desertification. Quantitative data on
the green vegetation cover is necessary in numerous envir-
onmental change investigations worldwide and at local scale.
Rangeland degradation in Libya
Libyan rangelands have fragile ecosystems, as they are
located within the arid and semi-arid region and half of
the area, situated between the 50 and 200 mm isohyet
zones, is under the 100-mm isohyet. They have shallow
soils formed over rocks, making them more sensitive to
degradation from a lower degree of misuse; these range-
lands face severe drought and deterioration in both
vegetation cover and forage production. Dregne and
Chou (1992) noted that the degradation of rangeland in
Libya is more widespread compared to irrigated or rain-
fed areas. A combination of reasons have led to the poor
conditions experienced in this rangeland. The most im-
portant of these factors include low rainfall and frequent
droughts (El-Chaouch and Ben Mansoura, 1991; Alzznni
et al. 1999), overgrazing, improper agricultural practices,
mismanagement, seasonal fire outbreaks and wind, and
water erosion (Omar Al Mukhtar University, 2005;
Rangeland development project, 2008; El-Barasi and
Saaed, 2013) cutting of woody species for use as a fuel
(Nasr, 2004; El-Barasi et al. 2013). However, the human
impact is the most profound factor accounting for the
increased severity of rangeland change, through agricultural
expansion at the expense of the rangelands, and mismanage-
ment of rangelands and lack of fodder, overgrazing, com-
bined with the cutting of woody species for use as a fuel,
constituting the principal causes of the degradation (Omar
Al-Mukhtar University 2005; Nasr 2004). One of the most
important of these is the increase in stocking densities,
where production has been exceeded by some threefold. The
numbers of animals that can be accommodated in this area
being circa 2.5 million, while the numbers have actually
increased to approximately 7.5 million head (Rangeland
Development Project 2008). With the increase in the num-
ber of pastoral animals and the unregulated use of pastures
and grazing, vegetation cover reduction and degradation of
the environment has occurred and consequent degradation
of grazing for pastoralists in Libya. In addition, an increasing
human population in some parts of the Libyan rangelands
has led to the exploitation of these lands with irrigated crops
to meet the needs of the population that has in turn led to
decreasing areas of rangeland. For example, in the western
rangeland, a large part of the area receiving 200 mm rainfall
has been converted to cultivation of field crops (EL-Chaouch
and Ben-Mansoura 1991). In addition, there has been a
transfer of animals to low rainfall areas with consequent
overgrazing, resulting in the extinction of many plants and
exposure of the area to erosion and the emergence of surface
rocks, especially in the high elevations and on slopes
(BELCSS 2005). For example, the south-eastern rangeland of
Al Jabal Alakhder suffers from overgrazing, due to the in-
crease in the number of animals and their concentration in
certain places, the decrease in the area of natural pastures
and the seasonal migration of pastoralists. In 1987, the total
number of animals (sheep, goats, cattle and camels) in this
area was 89,079 head. By 2002, these numbers had increased
to reach a total of c.202,386 head. In addition, grazing had
become concentrated on specific water source locations
(BELCSS 2005). The productivity of rangelands was de-
graded here both due to overgrazing and the elimination of
the sources of seeds from pastoral plants. This led to a deficit
in fodder units in the western region of the eastern range-
land, estimated to be about 285 feeder units per hectare per
year for feeding a total of 908,199 head of sheep, camels and
goats (BELCSS 2005). Grazing on trees and shrubs has also
led to the decline of palatable species and the loss of condi-
tion of many other species. This has led to the elimination or
reduced biomass quality of several types of perennial plants,
which have high nutritional value. The fluctuation of rainfall
from year to year can reduce vegetation quality and quantity,
impacting on the amount of feed available to grazing ani-
mals. Continual drought years leads to a reduction in animal
numbers due to lack of forage and the inability of livestock
owners to provide supplemental feed due to its high cost.
These types of perennial plants represent the rangeland’s re-
serve in drought years and have been replaced by types of
poor and less nutritious rangeland species (Omar Al-
Mukhtar University 2005). Alzznni et al. (1996) indicate that
most of the main pastoral species such asMedicago laciniata
(Nafal), Avena wiesth (Shufan bry) and Atriplex halimus
(Alqatf almalhi) have disappeared in the southern Al Jabal Al
Khader. They have been replaced by gaseous and poisonous
plants such as Peganum harmala (Hrml), Haloxylon articu-
latum (Ramth), Anabasis articulata (Eajrum), Suaeda fruti-
cosa (Alssuida) and Atractylis serratuloides (Alssir).
Degradation in natural vegetation increases the expenditure
required for pastoralists to provide supplemental feeding,
reflected in the resultant rangeland condition. Annual live-
stock production has fluctuated due to poor rangeland and
the inability of pastoralists to provide such supplements, with
its relatively high cost. Figure 2 illustrates the principle fac-
tors that contribute to Libyan rangeland degradation.
Role of remote sensing in monitoring rangeland
degradation
The application of remote-sensing techniques can play a
significant role in rangeland monitoring. They provide
opportunities to observe, monitor, predict and recognize
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threats to ecological processes in rangelands. Remote
sensing has been applied historically to provide three
forms of data that are of use in rangeland monitoring:
categorical and quantitative observation and dynamic
monitoring. The data has the advantage of covering large
areas with frequent repetitive image acquisition across
multiple wavelengths. Application of a wide variety of
methodologies to map surface components using these
data can allow identification of invasive species, the de-
tection of changes in vegetation and early warning of
land degradation risks (Svoray et al. 2013).
Remote-sensing data characteristics
Remote-sensing data permit rangeland managers to ana-
lyse the spatial distribution of vegetation cover and types
over time and to quantitatively analyse that vegetation.
A fundamental property of remotely sensed data is its
resolution. Aggarwal (2003) defined resolution as the
capability of the system to provide information with the
smallest discretely separable amount in terms of distance
(spatial), wavelength band of electromagnetic radiation
(spectral), time (temporal) and/or radiation quantity
(radiometric). Remotely sensed data can be applied to
estimate biophysical and phenological characteristics of
vegetation at multiple spatio-temporal scales and extents
(Coops et al. 2012; Jensen 1983; Kerr and Ostrovsky
2003; Washington-Allen et al. 2006). The spatial reso-
lution of remotely sensed imagery varies from less than
a metre to 1 km or more. Regional rangeland assess-
ments typically use coarse spatial resolution imagery, for
example, Moderate Resolution Imaging Spectroradi-
ometer (MODIS) data, with a daytime visit cycle of one
to two days, ≥ 250 m spatial resolution and 36 spectral
bands. With more than a 15-year history, MODIS data has
enabled a global land coverage, and one that is available as
a free resource for both land managers and academic re-
searchers (Reeves et al. 2015). In addition, the NOAA
Advanced Very High-Resolution Radiometer (AVHRR) has
provided global data since 1978. The capability of AVHRR
information for monitoring rangeland has been demon-
strated in many investigations (e.g. Tucker and Sellers
1986; Prince and Tucker 1986). The 1 km2 resolution of
the AVHRR is ideal for continental-scale monitoring with a
one-day global daytime repeat cycle providing data valu-
able for assessing regions that are sensitive to inter-yearly
atmosphere changes (Svoray et al. 2013).
Data from the Landsat satellite series have been used to
research alterations in land cover and land use (LCLU) of
the whole globe at moderate spatial resolutions (30 m and
previously 80 m for the multispectral scanning system
(MSS)) with a 16-day return interval since 1972 (Wulder
et al. 2008). The image archive and new imagery are freely
available. Serra et al. (2003) used Landsat MSS and Land-
sat TM implementing a protocol that permits reliable
post-classification assessments to detect Spanish range-
land LCLU change over a 30-year period. Their results
demonstrate that change detection using the protocol had
an accuracy of 85.1%, while using a direct overlay method
was only 43.9% accurate. Vogelmann et al. (2012) con-
ducted a study to evaluate progressive change using time
series data derived from Landsat Thematic Mapper (TM)
and Enhanced Thematic Mapper Plus (ETM+) within a
US rangeland area over the period 1984 to 2010. The re-
sults indicated that Landsat time series data are
Figure 2 Causal factor chain in Libyan rangeland degradation
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appropriate for deriving rangeland landscape change in-
formation. Landsat images have also been used for moni-
toring and assessing rangeland degradation in Australia by
relating vegetation cover and biomass with a field
observed method (Graetz et al. 1983, 1986, 1988; Pech et
al. 1986). Graetz (1987) noted that the practical use of re-
mote sensing for rangeland management has been limited
by the low accuracy of the extracted quantitative measure-
ments, such as biomass and cover. However, this has
changed since the availability of very high-resolution im-
ages, which offer spatial resolutions of less than a metre
on the ground such as WorldView data. Everitt et al.
(2008) applied QuickBird data to detect the invasion of
giant reed (Arundo donax) within Rio Grande, southwest
Texas, with an 86% overall accuracy. Also, the vegeta-
tion cover of sagebrush-steppe rangeland within
northern Utah in 2010 was measured based upon an
implementation of IKONOS data, able to identify 5%
more variation in shrub cover compared to using
Landsat data alone (Sant et al. 2014).
By using the variation in the spectral response of dif-
ferent vegetation types, rangeland managers can identify
indicators of rangeland quality and condition. Spectral
resolution allows vegetation indices (VI), such as the
Normalised Difference Vegetation Index (NDVI), to be
derived that are appropriate to both low and high spatial
resolution multispectral satellite sensors and all other
systems that acquire data in the visible and near-infrared
wavelengths. They can be used to evaluate green bio-
mass and are likewise used as a proxy for natural
changes, particularly with regard to drought and land
degradation risk evaluation (Kogan 1990; Tripathy et al.
1996; Liu and Kogan 1996). Todd et al. (1998) used
Landsat TM in 1991 to derive a number of vegetation
indices utilizing the spectral resolution of the sensor.
They found that the red waveband (RED) index was the
most suitable index to estimate biomass variations of
green vegetation found in grazed and ungrazed range-
land on the shortgrass steppe of eastern Colorado, and
to a lesser extent when the vegetation was dry or senes-
cent. Consequently, particular interest is centered on the
evaluation of green biomass in arid environments where
soil background forms a critical component of the signal
detected.
Vegetation mapping
Monitoring vegetation cover is an essential process in
rangeland management, as vegetation is the most effect-
ive indicator for identifying land degradation and it pro-
vides information that helps the understanding of
climate and human impacts on rangeland condition.
Quantification of ground cover as the proportion of
ground covered by vegetation is amongst the most fre-
quently used metric by rangeland managers in range
management and ecosystem studies (Svoray et al. 2013).
A wide range of available satellite sensor images have
been used to map surface cover from different range-
lands around the world including the Middle East,
Europe, Africa, the Far East and Australia (Jensen et al.
2001; Williams and Hunt Jr 2002; Filippi and Jensen
2006; Fritz et al. 2008; Ustin et al. 2009; Masocha and
Skidmore 2011). The accuracies of their classifications
are typically > 70%, demonstrating that remote sensing
provides a usable tool for mapping and archiving surface
measurements in rangelands. Landsat data has allowed
the detection of land-cover conversions between con-
secutive dates that have a more permanent character
and are independent of climate-induced fluctuations in
surface attributes (Serra et al. 2003; Zhong and Wang
2006; Zhou et al. 2008; Berberoglu and Akin 2009;
Svoray et al. 2013). The long data record of up to
40 years provides a period of assessment that can be
meaningful from the ecological point of view. For ex-
ample, Landsat MSS images have been used to detect
rangeland changes from 1983 to 1992 in southern New
Mexico, where extensive grasslands have gradually
become a patchwork of shrub lands and relict grasslands
(Yool et al. 1997). In another study from Arizona and
Sonora, Mexico, Kepner et al. (2000) built up a straight-
forward method that consolidated remote-sensing data
such as triplicate Landsat MSS imagery from the mid-
1970s, mid-1980s and 1990s to report changes. Wallace
et al. (2003) used multi-temporal Landsat data from dif-
ferent sensors (Landsat 1, 5 and 7) to measure LULC
change and to relate spatial arrangement and compos-
ition to landscape structure and pattern.
With coarser spatial resolutions, such as MODIS,
monitoring is likely to focus on vegetation cover and
vegetation phenology as well as on a range of geomor-
phological and hydrological variables such as soil mois-
ture. The study of change in these properties may
significantly contribute to the understanding of range-
land dynamics in time and space. The reasons for this
predominance are mainly the fine temporal resolution
that these satellite sensors provide (daily data), but also
the low (or zero) cost and the fact that remote sensing is
used in many cases to study regional and even global
phenomena (Svoray et al. 2013). Serneels et al. (2001)
studied vegetation cover changes over more than a dec-
ade in Kenya’s rangelands using NDVI derived from
AVHRR and Landsat TM images. They found that by
using both datasets, additional advantages are gained
that cannot be obtained by using one of them alone, for
example, sensitivity to inter-annual climate variations
and determining land-cover conversions between con-
secutive dates. Gray and McCrary (1981) illustrated that
the spatial representation of vegetation productivity indi-
ces obtained from AVHRR imagery could be associated
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with corresponding patterns of water deficit affecting
plant growth. This association, coupled with the high
temporal repeat interval of the TIROS-N satellites, led
to the application of the NDVI, used to observe the
impact of drought on rangeland over the African Sahel
region (Tucker et al. 1983), and also by direct inference
to predict the influence of drought on local community
(Prince and Tucker 1986). As satellite imagery increases
in resolution, so does the potential accuracy of the as-
sessments. Utilizing very high spatial resolution sensors
such as QuickBird for recognizing giant reed (Arundo
donax), Everitt et al. (2008) enhanced accuracy by an
average of 12% compared with using high-resolution
SPOT 5 data alone.
Remote-sensing data have been used to study the bio-
physical properties of vegetation in open areas and, in
many cases, in rangelands with the help of vegetation in-
dices (Reeves et al. 2006; Hunt Jr and Miyake 2006; Fang
et al. 2005). Amongst these vegetation indices, the most
common is the NDVI. Extending this, the soil-adjusted
vegetation index (SAVI) (Huete 1988) was promoted as
a modification to the NDVI, allowing a corrected assess-
ment of the impact of soil on the reflectance characteris-
tics of green vegetation in semi-arid regions. SAVI has
been applied extensively in regions of low vegetation
cover (Reeves et al. 2015). Dymond et al. (1992) used
multispectral SPOT imagery to gauge percentage vegeta-
tion cover in New Zealand to relate the ground estima-
tion of percentage vegetation cover to a standardized
vegetation index and built up a nonlinear calibration
curve with 80% confidence. Wittich and Hansing (1995)
analysed the connection between NDVI and vegetation
cover rate for zones with various types of land cover in
western Germany utilizing NOAA AVHRR data. They
applied statistical land cover information from the test
region and demonstrated that NDVI was a reasonable
indicator of the percentage vegetation cover.
Remote sensing provides the basis for accurate
measurement of vegetation cover, being far quicker
and more comprehensive as compared to fieldwork
methods (Booth and Tueller 2003). As a consequence,
remote sensing presents a viable source of data from
which updated land-cover information can be ex-
tracted efficiently and cheaply in order to inventory
and monitor changes in rangeland ecosystems effect-
ively (Mas 1999). Booth and Tueller (2003) state that
if rangeland managers seek unbiased and cost-
effective means of calculating vegetation cover, they
should integrate remote-sensing techniques into
rangeland assessments. Moreover, remote-sensing
methods can be used to extract information that is
directly related to a management question, or to cre-
ate additional data layers that are correlated with
concerns held by land managers.
Evaluating rangeland productivity
In regard to the assessment of rangeland productivity,
remote-sensing products provide large areal cover, hav-
ing higher temporal return frequencies, and greater
spectral resolution compared to traditional rangeland
field sampling. Measuring productivity is one of the
most commonly used applications of remote sensing at
global to regional scales in rangeland studies. Using re-
mote sensing at global scales can provide insights into
potential trajectories of change into the future (Reeves et
al. 2015).
Vegetation productivity refers to the accumulated solar
energy over time and area into biomass (Curran 1982).
The measurement of reflectance in the visible and near-
infrared wavelengths gives remote-sensing data its ability
to evaluate vegetative condition at various temporal res-
olutions. This capability allows the identification of rap-
idly changing vegetation productivity conditions at
different spatial scales to be established for evaluating
rangeland forage conditions and mostly includes the
examination of statistical relationships amongst the vari-
ables estimated using remote sensing and ground ob-
served data (Dungan 1998). In addition, in determining
the strong correlation between field measurement of
green biomass and remotely sensed derived vegetation
indices, Rouse et al. (1973) demonstrated the potential
for tracking vegetation growth over time, thus showing
the capacity for the remote-sensing device to observe
vegetation dynamics and thus the significance of the pre-
cise and continuous acquisition of remotely sensed data.
Vegetation indices can be applied to create predictive
relations for calculating rangeland productivity. Bai et al.
(2008) used trends in 8-km resolution NDVI from the
Global Inventory Modeling and Mapping Studies
(GIMMS) as a “proxy indicator” of changes in net pri-
mary productivity (NPP) from 1981 to 2003 resulting
from the fusion of GIMMS NDVI and MODIS 1-km2
NPP in the context of the Land Degradation Assessment
in Drylands (LADA) programme. They estimated
rain-use efficiency (RUE) from the ratio of the yearly
sum of NDVI to annual rainfall and used it to iden-
tify and isolate areas where declining productivity was
a function of drought.
At a regional scale, Tucker et al. (1983) applied both a
direct and logarithmic regression between the ground-
measured biomass information in the Sahel area and
AVHRR NDVI to predict biomass. Similarly, Yu et al.
(2010) applied the 250-m resolution MODIS NDVI in
the Tibetan Autonomous Prefecture of Golog, Qinghai,
China, to predict aboveground green biomass utilizing
regression relationships between remote-sensing-derived
NDVI and ground-observed biomass from sites across
the area with an r2 correlation of 0.51. Al-Bakri and
Taylor (2003) also applied a linear regression method to
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estimate rangeland shrub biomass in Jordan utilizing
AVHRR NDVI where a significant correlation (r2 = 0.75)
with observed ground biomass was found. Prince et al.
(2009) applied the approach of local net primary
productivity scaling (LNS) in Zimbabwe at national
scales, utilizing MODIS 250-m resolution NDVI, reveal-
ing that as a result of degradation, about 17.6 Tg C were
lost annually. Fava et al. (2012) implemented an annual
summation of MODIS 250-m resolution NDVI in an
LNS study for evaluating status of Mediterranean range-
land. This resulted in a mean agreement of 65% with deg-
radation data from ground classification. In North-eastern
South Africa, Wessels et al. (2007) employed 1-km time-
integrated NDVI in a similar approach.
However, using remote-sensing data with coarse
spatial resolution has its limitations especially in areas
with high fragmentation and heterogeneity of rangelands
(Cohen and Shoshany 2002). Al-Bakri and Abu-Zanat
(2007) assessed the relationships between vegetation
indices and the total biomass of Jordan’s rangeland with
high temporal resolution data at the national level. They
assessed the correlation between NDVI, derived from
10-m spatial resolution SPOT-5 HRV data, and vegeta-
tion biomass within a managed grazing area. Their find-
ings demonstrated that vegetation biomass was strongly
correlated (r2 = 0.77) with NDVI from SPOT-5 HRV.
NDVI has limitations with scattered low vegetation in
rangeland, thus the emergence of other vegetation indi-
ces such as SAVI. In addition to SAVI, other vegetation
indices have been applied to estimate biomass based on
remote-sensing data, for example, the modified soil-
adjusted vegetation index (MSAVI) (Ren et al. 2011;
Boschetti et al. 2007) and the Enhanced Vegetation
Index (EVI) (Casady et al. 2013; Boschetti et al. 2007).
Vegetation indices such as the Modified Simple Ratio
(Chen and Cihlar 1996) and the Renormalized Differ-
ence Vegetation Index (Roujean and Breon 1995; Gao et
al. 2013) are considered more linearly related to various
characteristics of aboveground biomass whereas EVI,
SAVI and MSAVI are better correlated with ground data
of biomass that addresses soil incorporation in the spec-
tral response (Jin et al. 2014). In Mongolian rangelands,
Kawamura et al. (2005) illustrate that 80% of the variation
in live biomass and 77% of the change in total biomass,
and live and dead biomass and crude protein in standing
biomass, was explained by the application of a 500 m reso-
lution MODIS EVI with linear regression models.
Mapping invasive species
The effect of invasive and especially noxious species on
rangelands is substantial. Masocha and Skidmore (2011)
utilized remotely sensed data, integrated into a geo-
graphical information system (GIS)-based expert system,
a neural network (NN) and support vector machine
(SVM), to test their contribution to invasive species
cover maps to map four cover classes of the invasive
shrub Lantana camara in Zimbabwe. The mapping of L.
camara and application of the NN and SVM resulted in
kappa accuracies of 0.77 and 0.67, respectively. Juniper
infringement into shrub steppe and grassland systems
stands out amongst the most noticeable changes under-
way in the rangelands of western North America. Sankey
et al. (2010) fused Landsat 5 TM imagery and light
detection and ranging (lidar)-based classifications to
evaluate juniper expansion patterns in Idaho achieving
83% overall accuracy. Other studies have used QuickBird
images (Starks et al. 2011) and colour aerial photographs
(Naylor et al. 2005) to map invasive species in range-
lands. Using high spatial resolution sensors has allowed
increases in species differentiation (Everitt et al. 2008;
Mansour et al. 2012) and vegetation cover characteristics
(Sant et al. 2014). Furthermore, unmanned aerial vehi-
cles can be used to provide such imagery at fine spatial
resolutions for rangeland monitoring purposes and, in
particular, the identification of plants to species level
(Laliberte et al. 2010). The use of hyperspectral data has
permitted the mapping of intrusive species based on sev-
eral distinctive bio-physical attributes associated with
multispectral sensors. Parker Williams and Hunt Jr
(2004) applied the Airborne Visible/Infrared Image Spec-
trometer (AVIRIS) data to identify leafy spurge with an
accuracy of 95% overall; similarly, Oldeland et al. (2010)
exposed bush encroachment by Acacia spp.
Monitoring vegetation and soil moisture
As many of the rangelands on Earth are situated in dry
areas, soil moisture is amongst the most important vari-
ables to be monitored using remote-sensing technolo-
gies. An important measure of rangeland functioning is
moisture level in the vegetation canopy, an expression of
its physiological status. The complementary measure is
the soil moisture content. Long periods of dry soil and
low levels of canopy moisture, as well as more readily
detectable decreases in leaf area index (LAI), can imply
a deteriorating ecosystem due to drought impact.
Decreases in LAI and canopy moisture can, therefore,
provide important information on the health of plants
and on drying processes due to drought years or climatic
change. Since plants are expected to dry out slowly be-
fore mortality (Claudio et al. 2006), it is useful to moni-
tor LAI and water content in the canopy. The remote-
sensing data (hyperspectral and multispectral data) have
been used in several studies for accurate estimation of
canopy water content of grasses and grazed fen meadow
(Clevers et al. 2010). Canopy moisture assessment in-
cludes attempts to estimate daily evapotranspiration
(ET) fluxes at the catchment scale from NOAA AVHRR
data (Kustas et al. 1994). The addition of two spectral
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bands calibrated to the short-wave infrared portion of the
electromagnetic (EM) spectrum on Landsat Thematic
Mapper (TM) provided the ability to monitor leaf moisture
(Tucker 1980; Hunt Jr and Rock 1989) as well as identify
and map recent wildfires (Chuvieco and Congalton 1988;
Key and Benson 1999).
Monitoring and mapping fire extent
Monitoring and mapping of rangeland fire extent using
remote-sensing data provides an insightful baseline for
evaluation of potential future development of fire inci-
dent risk and its impact on ecosystem functioning.
Loboda et al. (2012) noted that MODIS-based products
deliver spatially accurate assessments of burned areas in
Central Asia; this is similar to results obtained within
North American drylands (Giglio et al. 2009). MODIS-
based products can be utilized to produce consistent
evaluation of fire influences on rangeland. The foremost,
widely applied index for mapping and evaluating burn
severity relies on the normalized difference of NIR and
SWIR, initially proposed by López-García and Caselles
(1991) for mapping burned regions.
Implications for Libyan rangeland management
Range management is characterized as “the manipula-
tion of rangeland components to obtain the optimum
combination of goods and services for society on a sus-
tained basis” (Holechek et al. 2011), which further note
that sustainable rangeland management must consider
integration of environmental, economic and social
values. Investment in the agricultural sector by the
Libyan government during the 1970s and early 1980s led
to many rangeland development projects, designed to
achieve both development of rangeland resources as well
as self-sufficiency in red meat production. However, this
caused a rapid expansion of livestock numbers and land
cultivation of these resources (Jansen 1988). These
development projects lacked any effective means of col-
lecting regular information on project outcomes. Fluctu-
ations in rangeland resource policies such as changing
grazing rights from tribal to the state level without sta-
bilizing control of either stocking rate or the period and
season of use further prevented achievement of sustain-
able utilization of these resources.
Management practices, applied in recent years in
Libyan rangelands, have been dependent on established
patterns of rainfall. Areas receiving relatively high
amounts of rainfall can be protected and managed by in-
tensive development work such as fencing for several
years, with reseeding and cultivation of palatable
pastoral plants, and ploughing of the land to increase in-
filtration of the water in the plant root zone. Lands
receiving lower rainfall rates are not taken into intensive
development operations, but can be developed and
invested in an orderly fashion through the distribution
of water points (wells) and the provision of accompany-
ing services (care and mowing) and regulation of grazing
(Rangeland Development Project 2008). These practices
can help reverse degradation within Libyan rangeland.
Moreover, Swedish Consultants (SWECO) (1986) and
Alzznni (2002) recommend that the area of natural
rangeland is divided into sections of 400 km2 in a
rectangular form extending from north to south. These
areas include diverse environmental systems and
gradients in terms of rainfall and vegetation cover.
Although there are a wide range of fieldwork tech-
niques used for monitoring rangeland degradation, the
costs of such methods are significantly higher than
remote-sensing methods in comparison with the accur-
acy and reliability achievable, both in time and resources
required. In addition, administration approaches in ran-
gelands seek to keep the cost of monitoring low, and
high fieldwork costs do not encourage sufficient samples
to be taken to cover the whole of the area monitored.
There is an inherent difficulty in all rangeland studies
in collecting data, given the large geographical areas
involved. This is especially true in Libya, where there
is a particularly high cost of inventory. Moreover,
there is a lack of the regularly updated information
needed for monitoring in this area. In addition, the
periods of time between the studies are not integrated
with each other and are not repeatable, making it dif-
ficult for rangeland managers to detect rangeland
degradation in a consistent manner. This is because
most studies, which measure rangeland condition, are
heavily reliant on fieldwork techniques (EL-Chaouch
and Ben-Mansoura 1991; Alzznni et al. 1999; Omar
Al-Mukhtar University 2005; El-Barasi and Saaed
2013; El-Barasi et al. 2013; Aburas 2014).
This has led to a lack of time-series data that pre-
cludes the development of informed management pre-
scriptions to support the improvement of rangeland in
this region (Nasr 2004). There have been recommenda-
tions since 1992 for decision-makers in North Africa to
establish long-term monitoring systems for collecting
and evaluating rangeland resource information
(Sidahmed 1992). Because rangeland management sys-
tems need effective monitoring systems, this should
further help to serve as an early warning system for
rangeland degradation (Reed and Dougill 2010). Such
information can help to detect potential problems
and can provide data to enable better decisions to be
made for the future, to ensure sustainable land use
(Khiralla 2013). The emphasis on change is what
makes monitoring different from simple inventories of
rangeland (De Gruijter et al. 2006). To perform these
duties, Libyan rangeland managers must apply
remote-sensing data to extract information on
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rangeland condition that can be used in guiding and
supporting rangeland management.
Fairly recently, researchers in Libya incorporated
remote-sensing data to assess Libyan natural resources as
either primary data or secondary data tackling many of
the problems associated with salinity and erosion, and
mapping land use in general (FAO 2011). Remote-sensing
data has been used to map natural resources for agricul-
tural use and planning in Libya. However, little consider-
ation has been taken of the rangeland resource even
though it covers nearly two thirds of the country. Some
studies have been conducted in Libyan rangeland that
include remote-sensing data resources. Mnsur and
Rotherham (2010) used Landsat TM and Landsat ETM+
data to detect the change of land cover/land use with time
series in selected areas of Al Jabal Alakhder (Maroa,
Gandolla and Omar Al Mukhtar) from 1984 to 2005 ap-
plying a supervised classification method. Their results
show that the vegetation has experienced several problems
that have led to loss of cover. However, Elaalem et al.
(2013) applied supervised classification using SPOT 5 im-
agery for evaluating land cover/land use in the north-west
region of the Jeffara Plain. They found this approach led
to the production of inaccurate land cover classes due to
the limitations of the supervised classification adopted
when classifying heterogeneous land cover/use classes.
Remote-sensing techniques could play a significant role in
addressing the issue of monitoring Libyan rangeland, imple-
menting techniques that have been successfully applied in
similar rangelands globally. The techniques employed in
Libya are considered as being inadequate to meet these ex-
pected needs for up-to-date Libyan rangeland information
at national scales of survey and monitoring (Ben-Mahmoud
2001). Remote sensing can help to reveal the causes of
degradation of the rangeland ecosystem, and provide
managers with sufficient data to assist their rangelands.
Future rangeland management in Libya must con-
sider issues related to stock breeding and production
to meet planned targets, with self-sufficiency in red
meat production. When this is undertaken without
taking into account the sustainable use of the ecosys-
tem, there is a consequent deterioration of rangeland
(vegetation and soil). The majority of Libyan range-
land under the 100-mm isohyet is too degraded in
terms of both soil fertility and vegetation for recovery
within the short term either by natural improvement
or even with human assistance. Cultivation practices
within rangeland, where the rangeland has been con-
verted to cultivation of field crops (El-Chaouch and
Ben Mansoura, 1991; Jansen, 1988; El-Barasi and
Saaed, 2013; EL-Barasi et al. 2013; Aburas, 2014) has
increased, resulting in damage to the natural vegeta-
tion through the widespread availability of tractors
and disk ploughs for increasing grain production.
Such practices have exerted serious impacts on the
soil resources during ground preparation, making the
rangeland more vulnerable to subsequent soil erosion.
Monitoring of rangeland using ground-based meas-
urement techniques presents a challenge in arid and
semi-arid regions due to their variation in vegetation,
soil, rainfall and terrain patterns over short distances
(Figure 1). The administration of Libyan rangeland re-
quires the institution of effective monitoring systems, able
to assess the wide extent of rangeland. To date, this task
has been performed through fieldwork methods, a costly
process in terms of human and financial resources. Reliance
on field methods limits the ability of Libyan rangeland
managers to meet the requirement of effective monitoring
systems that aid the detection of potential problems,
providing data to enable better future decisions to be made,
regulations alone not being adequate to ensure sustainable
rangeland.
Remote-sensing methods constitute a powerful tool
and offer the most important information source for
assessing land surface processes since they provide
dynamic, multi-temporal and time series information
(Wu 2009) and also provide a viable source of data from
which updated land-cover information can be extracted
efficiently and cheaply in order to monitor changes
effectively (Khiralla 2013; Louhaichi et al. 2010). As a
consequence of its advantages, the use of remote-
sensing data can play a significant role in addressing the
challenges facing the short- and long-term monitoring
of Libyan rangeland. Moreover, applying remotely sensed
monitoring methodologies in rangelands helps to over-
come the limitation whereby site-based monitoring can
only feasibly cover a small total area (Ludwig and Bastin
2008). Understanding rangeland response in both on-
going management and in addressing new pressures is
fundamental in evaluating its long-term history (Blench
2000). In addition, it can be used for evaluating and
assessing past measures applied in Libya to inform the
formulation of future programs (Ben-Mahmoud 2001)
by using available archives of remote-sensing data. The
combination of remotely sensed data, together with
other data such as climate, soil and management, would
serve to create long-term monitoring systems to under-
stand the rangeland conditions and their response to
management. Moreover, remote-sensing methods can be
used to extract information related directly to manage-
ment questions, or to create additional data layers that
are correlated to the ecological properties that managers
are ultimately interested in. The most appropriate tech-
niques for Libyan rangeland managers involve the deriv-
ation of vegetation indices for monitoring and assessing
change detection of vegetation cover and biomass, and
the application of regression approaches to establish the
relationship between field ground observation data and
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these indices. The selection of appropriate indices need to
be matched with Libyan rangeland conditions where vege-
tation cover is low, mixed with varied soil backgrounds.
Conclusions
Rangeland in Libya plays a significant role from both
economic and environmental perspectives. However, its
capacity to deliver these services has become under-
mined as vegetation cover has changed both qualitatively
and quantitatively over the past four decades as a conse-
quence of natural and human factors. The human
factors have exerted a significant contribution to the de-
terioration of rangelands through mismanagement, with
an associated lack of effective means of regularly collect-
ing information on rangeland to help managers to detect
potential problems related to their rangeland planning,
mitigating the risk of rangeland degradation.
Remote sensing gives rangeland managers the ability
to monitor rangeland using dependable and repeatable
methods, utilizing timely data for vegetation spatial and
temporal coverage (Purevdorj et al. 1998). Where these
data are derived from satellite-borne sensors, wide area
coverage is available on a regular basis and contempor-
ary data can often be complemented with access to an
archive allowing a historical perspective of landscape
change to be obtained (Friedel et al. 2000).
The significance of changes in Libyan rangeland vege-
tation cover can be assessed and evaluated using
remote-sensing data by applying successful approaches
that have been utilized globally, and long-term monitor-
ing systems established to understand the response of
historical and current rangeland management. This
approach will provide data indicators to allow better de-
cisions to be made for the future, to ensure sustainable
use of rangeland in providing services for pastoral
communities.
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